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Abstract. Mastitis remains one of the major disease in dairy herds, causing profound economic losses to the entire
milk production chain due to changes in the milk quality and milk yield. A one year cross-sectional longitudinal survey
was carried out to evaluate milk yield losses associated with occurrence of clinical mastitis cases in one dairy herd.
Cows that had clinical mastitis and clinically healthy cows during lactation were included in the study. The traits
analyzed were the average of the monthly test day milk yields, cow parities and days in lactation while first case of
clinical mastitis was occurred.
For these purpose there were recorded data for monthly test day milk yield of the cows at the 2 nd, the 3rd and the 4th
monthly test day (TD). TDs were chosen according to the average number of days in lactation to diagnose the first
case of clinical mastitis. According these criteria, the 2nd and the 3rd TD were made before the diagnosis of the first
lactation case of clinical mastitis, while the 4th TD was made after the diagnosis. Monthly test day milk yields were
treated as repeated measurement within an animal in General Linear Model (GLM). Statistical model included fixed
effect of cow parity and covariance of days in lactation when the first case of clinical mastitis was occurred. Estimated
lactation incidence risk (LIR) for CM in observed population of dairy cows was 21.49%. Regardless parities, the first
case of clinical mastitis in dairy herd occurred on the average 108.09±83.182 days in lactation. The LIR tended to
significantly increased (p<0.001) with increasing the cow parity, as risk factor for occurrence of clinical mastitis.
Before contracting the disease, cows with clinical mastitis yielded more milk than did healthy cows. Mastitis clearly
affected the milk yield and the difference between the milk yield of the healthy cows and the cows after clinical
mastitis was statistically significant. There was a significant decrease in the milk yield before and after the diagnosis
of clinical mastitis case (p<0.001). The estimated daily milk yield losses per cow suffered from case of clinical
mastitis, between the 3rd TD and the 4th TD, range from 0.9 kg to 26.0 kg, or average 9.6 kg/day. According this, the
monthly milk yield losses per mastitic cow, between the 3rd TD and the 4th TD, were 288 kg. If we take in
consideration the price of one kg milk of 0.32 euro, than the total daily economic losses per mastitic cow will be
around 3 euro’s and monthly losses per cow will be around 92 euro. Regardless of the time of occurrence during the
lactation, mastitis had a long-lasting effect on milk yield; cows with clinical mastitis did not reach their premastitis
milk yields during the remainder of the lactation after onset of the disease. The daily milk yield must be taken in
consideration for more rapid economic analysis of milk losses associated with occurrence of clinical mastitis in dairy
herds.
Keywords: dairy cows, economics, clinical mastitis, milk yield.

1 Introduction
Mastitis remains one of the major disease in dairy herds, causing profound economic losses to the entire milk
production chain. Records for the occurrence of clinical mastitis (CM) in dairy cows have great importance for
monitoring the health status of mammary gland and implementation of programs for control and eradication of this
disease. Economic margins of dairy herds are, however, narrow. Optimization of the economic results, therefore,
becomes important, and the need for cost minimization at every level of production is accentuated. A means of
reducing the costs of production is to decrease the incidence of production disorders, as such are associated with
reduced production, veterinary costs, and increased replacement rate, and, consequently, give rise to economically
less efficient herds. Mastitis is of considerable interest because of its high incidence and the extensive costs associated
with the disease.
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Clinical mastitis incidence of dairy herds, reported in the literature, varied between 19 and 92 cases per 100 lactations
(Sargeant et al. 1998, Shpigel et al. 1998). National data from countries which are the biggest milk producers, informed
that annually 20 to 40% of dairy cows have expressed CM during lactation (Bartlett et al. 2001).
Indeed, mastitis is the most costly disease in dairy production (Degraves and Fetrow, 1993; Kossaibati and Esslemont,
1997; Seegers et al., 2003). Mastitis commonly occurs in cows with high milk production and has a long lasting effect
on milk yield. The disease has a big influence on productivity and utilization of genetic potential of dairy cows. The
effect of CM on milk yield can differ, depending on the parity and stage of lactation at which the disease occurs (Rajala
and Grohn, 1998; Bennedsgaard et al. 2003; Grohn et al. 2006). The biggest milk yield losses were observed when
CM was occurred in early lactation (Hagnestam et al. 2007). Clinical mastitis is associated with yield loss at the time
of diagnosis, and, more importantly, yield loss often persists throughout lactation (Houben et al., 1993; Wilson et al.,
2004). Actually, losses due to decreased milk production and milk quality had the biggest economic influence in dairy
industry (Schukken et al. 1997).
There are numerous studies which reported the effects of CM on milk production. Some reviews about the relationship
between CM and milk yield reported variability ranged from 3% to 8.1% for decrease in the milk yield per lactation
and estimates of milk yield loss ranged from 160 to 850 kg/cow per lactation (Bartlett et al. 1991, Grohn et al. 2004,
Rajala et al. 1999, Smith et al. 2000). In a review by Hortet and Seegers (1998), the estimated lactational milk loss
was found to vary between 0 and 9.5% across parities. Additional costs regarding mastitis are related with veterinary
and treatment costs, the cost of discarded milk, extra labor requirement and increased risk of cow culling as well as
mortality (Petrovski et al., 2006).
There are several analytical approaches that can be applied in the assessment of economic effects of disease and
disease control. Which one that is most suitable for a certain analysis depends on the nature of the decision problem;
the complexity of the disease and its effects; the data available; the intended use of the model and the preferences and
capabilities of the model builder and/or decision maker; and the resources available (Bennett, 1992).
The aim of the current study was at assessing the economic losses associated with CM incidence in a dairy herd under
current Macedonian farming condition, due to milk yield losses using monthly test day milk yields.

2 Materials and methods
This study was carried out in a dairy farm in the south-eastern region in R. Macedonia. The cows from black-white
breed were housed in loose-housing system with enclosed shed. Milking is performed two times daily in milking
parlor. The farm has a capacity of 1100 cows, from which at every moment 550 milking cows. Cows in the selected
farm represented approximately 0.7 % of high milk-yielding dairy cow population breeding in Republic of Macedonia.
The data were from 432 lactations with totally 1124 test day (TD) milk controls (360 TD milk yields collected in the
second monthly milk control, 391 TD milk yields collected in the third monthly milk control and 373 TD milk yields
collected in the fourth monthly milk control).
The incidence of new cases of CM was recorded daily, during the whole period, according to ordinary clinical methods
under normal field conditions. Cows with CM were detected by clinical examination of the udder (rubber, tumor,
color, dolor and function laesa) and determination of abnormalities in milk (presence of watery milk, flakes, clots,
blood, pus, discolored milk, etc.) and disorders of general health condition of the animal (IDF 1987). Disease
occurrence was expressed as lactation incidence risk (LIR).
LIR (%) =

total number of clinical mastitis cases
x100
total number of observedlactation

The traits analyzed were the average of the monthly test day milk yields. Parity of cows (P), disease dates, and yields
from monthly test day milk sampling were available. Parity had five levels: 1, 2, 3, 4 and 5 and higher. The first
mastitis records during lactation were taken into consideration. The later cases of CM were ignored. Cases that
occurred before calving or in a dry period were also excluded from the analyses. The selection of milk-controls was
done according to the average number of days in lactation to diagnose the first case of CM. These mean that the second
and the third TD were done before the diagnosis of the first lactational case of CM, while the fourth TD was made
after the diagnosis of the first lactational case of CM. Monthly test day milk yields, taken at approximately 30 days
intervals, were used to study the relationship between CM and milk yield. To compare the milk yields associated with
occurrence of CM in different lactation, estimates of the monthly test day milk yields for cows diagnosed with CM
were calculated and compared with the yields of non-mastitic cows.
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Statistical procedures were conducted in SPSS 20.0. The correlations between variables in the model ware calculated
with Pearson’s coefficient of correlation. Data analysis was carried out with GLM-General Linear Model with monthly
test day milk yields as repeated measurement within an animal. Dependent variable in these analyses was binary value
of CM which made difference between cows with case of CM during lactation and healthy cows. Statistical
significance was evaluated on level p<0.05; p<0.01 and p<0.001,.

3 Results
The annual occurrence of CM in dairy farm that was include in research, calculated lactation incidence risk (LIR) are
shown in Table 1.
Table 1 Annual prevalence rate and lactation incidence risk of CM by parity

Number of consecutive lactation or cow parity
5≥a
1
2
3
4
13.36% 26.53% 19.23% 31.96% 34.96%

LIRb
a
the fifth and high lactation

Total
21.49%

b

lactation incidence risk

According to the results, lactation incidence risk, for period of one year, was 21.49%. The LIR increased with
increasing the parity, or consecutive lactation, beginning from cows in the first lactation (13.36%) up to cows in the
fifth and higher lactation (34.96%), but without linearity.
Figure 1 shows average days in lactation, separately for cows in different parity, while the first case of CM was
diagnosed (DAY_CM).

225

days CM-1
lact*

200

days CM-2
lact*

175

days in lactation

150
days CM-3
lact*

125
100

days CM-4
lact*

75

days CM-5≥
lact*

50
25

days CM
regardless
parity*

0
-25
cows parity

Figure 1 Average days in lactation ± standard deviation until the first lactational case of CM occurred
*average days in lactation ± standard deviation until the first case of clinical mastitis was diagnosed, for cows in
different parity and total for entire population of cows
Fom analysis of showed results in Figure 1 can be seen that there were some differences in the average number of
days during lactation until the first case of CM was diagnosed (DAY_CM). Regardless parity of cows or number of
consecutive lactation, the first case of CM in dairy herd has been occurred after average 108.09 ± 83.182 days in
lactation.
In Table 2 are shown the average test day milk yields, separately for cows that suffer from case of CM and control
group of healthy cows, in respect of number of consecutive lactation or cow parity.
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Table 2 Average milk yields and standard deviation in the 2nd, the 3rd and the 4th monthly test day with respect to cows
that suffer from case of CM and healthy cows

Control of milk yield

TDM2a

Lactation

number
of milk
samples

average
TD milk
yields

number
of milk
samples

average
TD milk
yields

number
of milk
samples

average
TD milk
yields

Cows with
case of CM

27

22.541 ±
6.6768

28

22.443 ±
5.7076

28

14.121 ±
5.2186

Healthy
cows

113

21.112 ±
7.0794

128

19.873 ±
6.0473

121

18.426 ±
5.9403

Total

140

21.388 ±
7.0033

156

20.335 ±
6.0512

149

17.617 ±
6.0354

Cows with
case of CM

29

29.924 ±
11.3650

32

24.294 ±
10.9139

34

13.565 ±
7.8572

Healthy
cows

57

26.646 ±
8.1518

56

21.988 ±
7.7746

43

19.440 ±
8.1329

Total

86

26.740 ±
9.2922

88

22.826 ±
9.0498

77

16.845 ±
8.4842

Cows with
case of CM

11

29.682 ±
7.5670

13

26.069 ±
10.2119

14

16.493 ±
5.9922

Healthy
cows

42

25.064 ±
8.6157

44

18.511 ±
7.8810

43

17.891 ±
8.0883

Total

53

26.023 ±
8.5507

57

20.235 ±
8.9596

57

17.547 ±
7.6006

Cows with
case of CM

18

30.561 ±
6.1404

21

27.905 ±
4.9144

25

17.160 ±
8.5784

Healthy
cows

41

23.593 ±
9.3280

43

22.370 ±
9.8750

39

18.864 ±
9.1971

Total

59

25.719 ±
9.0295

64

24.186 ±
8.9184

64

18.198 ±
8.9306

Cows with
case of CM

6

25.517 ±
6.9061

8

28.287 ±
11.2510

11

11.882 ±
6.4156

Healthy
cows

16

21.875 ±
7.2623

18

18.150 ±
6.1091

15

17.713 ±
6.9549

Total

22

22.868 ±
7.1961

26

21.269 ±
9.1427

26

15.246 ±
7.2239

Cows with
case of CM

91

26.584 ±
8.8633

102

25.069 ±
8.7142

112

14.707 ±
7.1998

1

2

3

4

5≥

Total

TDM3b

TDM4c
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Healthy
cows

269

23.325 ±
8.1492

289

20.340 ±
7.4432

261

18.529 ±
7.2644

Total

360

24.149 ±
8.4753

391

21.573 ±
8.0568

373

17.382 ±
7.4450

a

test day milk yields collected in the second monthly milk control, before the diagnosis of clinical mastitis

b

test day milk yields collected in the third monthly milk control, before the diagnosis of clinical mastitis

c

test day milk yields collected in the fourth monthly milk control, after the diagnosis of clinical mastitis

The results from analysis in Table 2, which compared the milk yield of cows with CM with that of healthy cows,
clearly indicated that before contracting the disease, cows with CM yielded more milk than did healthy cows. Milk
yield began to decline in the third monthly milk control, before the diagnosis of CM in all parities and dropped below
the yield of the healthy cows during the fourth monthly milk control, after the diagnosis of CM. CM gave rise to the
most extensive yield loss in the 4th TD when the first lactation case was diagnosed. Multiparous cows generally
suffered more severe yield loss than primiparous cows.The estimated daily milk yield losses per cow suffered from
case of CM, between the 3rd TD and the 4th TD, range from 0.9 kg to 26.0 kg, or average 9.6 kg/day. According this,
the monthly milk yield losses per mastitic cow, between the 3rd TD and the 4th TD, were 288 kg. If we take in
consideration the price of one kg milk of €0.32, than an average daily economic loss per mastitic cow within
Macedonia quota system will be around €3 and average monthly losses per cow will be around €92. Here within are
not calculated additional costs regarding mastitis in dairy farms.
Figure 2 represent relative differences in the monthly test day milk yields between cows with CM and healthy cows.

1.6
1.4
TD
M2

1.2
1
1

2

3

4

5≥

Total

0.8
cow parity

0.6

Figure 2 Proportional change in milk yield in cows diagnosed with CM in different TDM, expressed relative to milk
yield of non-mastitic cows.
Estimation of interdependence between variables in the statistical model was performed with Pearson’s coefficient of
correlation, showed in Table 3.
Table 3 Pearson’s coefficient of correlation between study variables including in the statistical analysis
Pearson's
CM
P
DAY_CM
TDM2
TDM3
a

P
0.191b
1

DAY_CM
-0.764b
0.079
1

TDM2
-0.167b
0.149b
0.089
1

TDM3
-0.258b
0.104a
0.140b
0.641b
1

TDM4
0.236b
-0.024
-0.289b
0.493b
0.488b

significant at the p<0.05 level

b

significant at the p<0.01 level
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In Table 4 is shown the statistical analysis of the factors considered in the model used for determination of influence
on independent variables on incidence of CM between dairy cows.

Table 4 Results for influence of risk factors on incidence of CM according to the univariate procedure of GLM
Dependent variable: incidence of CM
Source of variations

df

Mean square

F-value

Model

9

114.593884

3146.280956a

P

5

24.74110817

679.2899826a

DAY_CM

1

34.86912584

957.3640646a

TDM2

1

0.089568658

2.459190268 NS

TDM3

1

1.208834754

33.18967499a

TDM4

1

0.81403166

22.34999128a

e

320

0.036422012

Total

329

R2 = 0.989
a

significant at the p<0.001 level

NS

no significance

The effects of the cow parity and days in lactation when the case of CM during lactation was diagnosed on occurrence
of CM were high significant (p<0.001). Mastitis clearly affected the milk yield and the difference between the milk
yield of the healthy cows and the mastitic cows after CM was statistically significant. There was a significant decrease
in the milk yield in the third monthly milk control, before the diagnosis of CM (p<0.001), and during the fourth
monthly milk control, after the diagnosis of CM (p<0.001). Value for R2 = 0.989 in the model was high, which means
that variance for incidence of CM can be explained with source of variations.

4 Discussion
Udder health is unfavourably genetically correlated with milk yield (Emanuelson et al., 1988; Heringstad et al., 2000;
Carlen et al., 2004), and selecting only for increased production, which traditionally has been the focus of dairy cattle
breeding in many countries, will therefore result in deterioration of udder health. The total economic cost of disease
consists of two distinct components; production loss and control expenditures (McInerney et al., 1992). Losses include
benefits that are taken away and benefits that are not realized. The former can be exemplified by milk that must be
discarded following treatment with antibiotics and the latter by milk that is never produced as a result of disease. The
high prevalence of CM in dairy herds makes considerable losses in milk production. The risk for occurrence of CM
in these research was higher than the results of Bartlett et al. (1991) and Rajala and Grohn (1998), as 9.7 - 18.6%,
similar to the results of Sargeant et al. (1998) as 19,8% and lower than the result of Firat (1993) as 35.8%. The literature
data are generally consistent about the reports that with increasing the parity of cow or the number of consecutive
lactation, also increase the risk for occurrence a case of CM (Barkema et al. 1998, Sargeant et al. 1998, Shpigel et al.
1998). These increasing of LIR with increasing the cows parity in final statistical model showed significance (p<0.001)
as risk factor for occurrence of CM. From analysis of showed results in Figure 1 can be seen that there were the
differences between parities according the average number of days during lactation until the first case of CM was
diagnosed. Our results were rather similar to results given from Shpigel et al. (1998). According them, 51.4% from
all cases of CM occurred within early and middle lactation, or approximately 117.5 days in lactation. These authors
the increased risk for CM in early lactation explained by positive correlation between great milk production and
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mastitis. In addition, some researchers reported that mastitis risk might increase with the rise in the milk yield (Bartlett
et al. 1991, Grohn et al. 1995, Smith et al. 2000).
The incidence of CM in primiparous and multiparous cows is more frequent in dairy herds with high milk production.
These results are in accordance with some previous studies (Schutz 1994, Rajala and Grohn, 1998, Kocak 2006),
which showed that increased milk yield was a risk for mastitis in dairy cows. Other studies have reported that increased
milk yield could not be an indication for increased mastitis risk (Ouweltjes et al. 2007).
Several studies found that CM has a detrimental effect on milk yield (Bareille et al. 2003, Grohn et al. 2004, Shim et
al. 2004). According Bar et al. (2007) milk yield began to drop after diagnosis of CM and the greatest loss occurred
in the first week (up to 126 kg.), and then gradually tapered to a constant value approximately two months after CM.
When there were compared the monthly test day milk production of cows with CM and healthy cows, according to
the cow parity, it was seen that there were differences between the third and the fourth milk control, and these
differences in statistical model showed significance at level p<0.001. The amount of milk losses increased with
increasing parity, with exception of the third and the fourth parity, and indicated that higher yielding older cows had
greater losses. The most affected lactations according milk losses were the first, the second and the fifth or higher
lactation. The lactation curves in all the other parities followed the same pattern. It is apparent from the figure that
cows with CM usually have high milk yield than did their healthy counterparts despite disease. Before diagnosis,
mastitic cows have a production advantage over their non-mastitic herd mates (estimated at 2.6 kg by Wilson et al.
(2004)). As most studies use the yield level of non-mastitic cows as reference for yield in healthy cows, the reported
losses probably underestimate the true yield loss associated with CM. According Nielsen (2009), the most extensive
yield loss was estimated when CM developed in early lactation and when subclinical mastitis (SCM) occurred in late
lactation. The 305-day yield loss associated with CM varied between 0 and 705 kg milk in primiparous cows and
between 0 and 902 kg milk in multiparous cows, depending on lactation week at onset. Most cases of CM developed
in the first week of lactation and resulted in a yield loss of 578 and 782 kg milk in primiparous and multiparous cows,
respectively.
In the review, Hortet and Seegers (1998) summarised a lactational yield loss of 300 to 400 kg (4 to 6%) in multiparous
cows and 200 to 300 kg in primiparous cows. Cases of CM are of different severity, and 40% of CM cases can be
expected to be associated with negligible yield loss, 30% with a lactational yield loss of 150 ± 250 kg, and 30% with
a lactational yield loss of 950 ± 1050 kg. Although the economics of mastitis has been covered in scientific literature
(Halasa et al., 2007).
Also, the losses in the milk yield before the clinical diagnosis of mastitis in dairy cows have been previously reported
(Bartlett et al. 1991, Grohn et al. 2004). These losses could be an indication of subclinical infection before the signs
start or the early stages of CM could be undetectable to the herdsperson. Similarly to the current study, Rajala et al.
(1999) reported a significant decrease in the milk yield of mastitic cows 28 days before the diagnosis of the case of
CM. According them, daily losses in milk yields in the first two weeks after case of CM was diagnosing, vary between
1 kg and 2,5 kg, independence from number of infected mammary gland quarters, and total lactation milk losses was
ranged from 110 kg up to 325 kg. These authors reported that the daily milk yield of mastitic cows, one week before
the diagnosis, significantly decreased for parity 3 (2.4 kg/day) and parity 4 (2.2 kg/day) but not for parity 1 (1 kg/day)
and 2 (0.8 kg/day). After mastitis, the cows were not able to reach their before-mastitis milk yield during the rest of
the lactation. Kocak (2006) reported that there are statistically significant decreasing in milk yield one week before
the diagnoses of CM and one week after the diagnoses. According Wu et al. (2008), association between milk
production and occurrence of CM is very complex, and there is reversing proportionality between them. Their results
showed that increased incidence of CM in dairy herds decreased the milk yield in next milk control. Therefore, culling
the cows that are more prevalent to CM has double effect because at the same time we culling the cows with decreased
milk production and make selection for mastitis resistance.

5 Conclusions
Clinical mastitis clearly affected the milk yield one month before and after diagnoses of disease. The results of this
study are of practical interest to dairy farmers, showing that preventative measures should be focused on reducing the
frequency of CM between calving and peak yield, especially during third and fourth months of lactation, because this
is the period when the majority of cases occur and when yield losses are the most extensive. The primary purpose of
economic analyses is to support decisions regarding mastitis control.
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